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Abstract— Electroporation is a process of the bio-physical 
effect on cells exposed to an external electrical field is gaining 
applications in medical treatments, especially to create pores 
through a cell membrane and allow uptake of DNA into a cell. 
The efficacy of this treatment depends on the magnitude and 
the distribution of electric field applied, in addition to the 
physiological parameters, such as the conductivities and rela-
tive permittivities of the cell membranes and cytoplasm. In 
addition, physical parameters, such as the thickness and size of 
the cell also influence the efficiency of the electroporation 
technique. In this research, the electric field distributions of 
spherical cells were studied using Finite Integration Tech-
niques (FIT), to explicate the difference in responses of the 
analytical and numerical cells for a given input voltage. For 
this purpose, quasistatic approach based on CST EM STUDIO 
® software was used. A comparison of the induced transmem-
brane potential of the analytical against numerical technique 
shows that not more than 2% was observed in the spherical 
cell for an applied field of 1V/m to 10nm thick cell membranes. 
Keywords— Electric fields, Cells, Finite Integration Tech-
nique, CST EM STUDIO ®.  
I.   INTRODUCTION  
Microdosimetry technique is a quantitative evaluation of 
the electric field on the cell membrane, in the process of cell 
electroporation has received considerable interest [1]. How-
ever, most of the work up to date is based on the spherical 
cell shape based on analytical approach [2].  
This has motivated us to use numerical techniques to 
conduct the microdosimetry on the spherical shaped cells. 
Nevertheless, numerical microdosimetry is confronted with 
a major difficulty, that is, the treatment of the thin cell 
membrane, which quite often leads to extremely large 
memory usage and long running time in simulation.  
In this paper, the FIT (Finite Integration Technique) for 
the quasi static condition has been applied to evaluate the 
electromagnetic (EM) field interaction with the cells in 
different frequency radiation. The influences of the cells 
shape and its orientation to the applied electric field have 
been assessed [3]. The results obtained have cast light on a 
number of observations in the process of electroporation. 
II.   MODELING AND SIMULATION 
A.   Model of a Cell 
The real cell structure is very complex and difficult to 
model, thus so many simplified models have been used to 
facilitate the studying of cells, such as the circuit model [4], 
parallel plates model [5] and the layered model [6].  
Each model has its advantage and suitability. Layered 
model primarily represents the structures and dielectric 
properties of a membrane, so it is chosen to evaluate the EM 
cell reaction under external exposure, as shown in Figure 1. 
 
 
Fig. 1 Double layer spherical cell model 
 
The initial cell model in this study is a rigid particle 
rounded by a thin shell, representing a cell with membrane, 
with homogeneous, lossy and dispersive dielectric proper-
ties for each layer [7]. This model allows us to determine 
the response of electric fields on the entire cell, including 
plasma and intracellular membrane.   
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B.   An Analytical Approach 
In this analytical approach, substructures of the cell were 
neglected (the cytoplasm was treated as a homogeneous 
medium which fills the entire cell).  
In the general Maxwell’s equation, Faraday’s law and 
Ampere’s law stated that a time changing magnetic field 
acts as a source of electric field, and in turn the time chang-
ing electric field acts as a source of magnetic field.  
Thus, when the fields vary with time, they are known to 
be coupled. However, with the quasi static assumption, the 
time changing rates of both E and H are small enough to be 
neglected. In this case, the electric and magnetic field can 
exist independently or known to be uncoupled, can be gen-
erated as: 
׏  ൈ ܧത ൌ 0                                          (1) 
׏  ൈ ܪഥ ൌ ܬҧ                                          (2) 
With the quasi static approximation, combining the equa-
tions (3) and (4), the governing equations of the electrostatic 
model can be generated to solve the electric field problem. 
׏ . ܦഥ ൌ ߩ                                           (3) 
׏  ൈ ܧത ൌ 0                                         (4) 
Where ܦഥ ൌ ߝܧത  is the continuous condition and ߩ is volume 
charge density. 
Considering the irrotational of ܧത, the scalar electric po-
tential V was defined as: 
ܧത ൌ െ׏ܸ                                     (5) 
By substituting (3) into the continuous condition and com-
bining it with (4), the Poisson’s equation is obtained as 
follows: 
׏ଶ ܸ ൌ െ ఘఌ                                     (6) 
In a source free medium, i.e. ߩ ൌ 0, the Poisson’s equation 
changes to: 
׏ଶ ܸ ൌ 0                                         (7) 
which is known as Laplace’s equation. 
By solving Laplace’s equation, the internal and external 
potentials and electric field patterns of the object studied are 
determined. 
C.   A Numerical Approach 
The spherical cell was modeled as shown in Figure 2, us-
ing the simulation package, CST EM STUDIO® (CST 
EMS) simulator [8].   
The CST EMS simulator is an interactive package that 
uses Finite Integration Technique analysis (FIT) to solve 
two dimensional electrostatic problems. 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Two electrodes are placed on both  side of the cell. The 
cell radius is normally 10 µm and membrane thickness is 10 
nm. The cell is exposed to a linear polarized plane wave 
with the electric field E0 of 1V/m in the external medium. 
The dielectric properties of the cytoplasm, membrane and 
external medium are listed in table 1.  
 
Table 1 Dielectric properties of cell compartments [9] 
 
 Cytoplasm 
#1 
Membrane 
#2 
External 
#3 
Permittivity    (ε) 55.6 11.3 75.3 
Conductivity (σ) 1.43 0 2.04 
 
In the process of cell electroporation, the short direct cur-
rent (DC) pulses are quite often used, so the quasi-static 
approximation can be applied in this study [10]. Therefore, 
the FIT for the quasi-static condition can be performed on 
the cell model.    
D.   Results and Discussions 
Figure 2 shows the maximum electric field intensity cal-
culated by analytically solving the Laplace’s equation, 
compared with the quasi-static FIT as shown in Figure 3.  
 
 
Fig. 1 Spherical cell model used in this study 
Cytoplasm 
External medium 
Membrane 
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Fig. 2 Electric field distributions along the axis parallel to the external field 
(analytical technique) 
 
Fig. 3 Electric field distributions along the axis parallel to the external field 
(numerical technique) 
The left part of the separator symbol (‘׭ ’) on Figure 2 
and 3 shows the electric field distribution near the mem-
brane of the cell.  
The field inside the cytoplasm is slightly higher than the 
external field strength (1V/m), and the field outside the cell 
is lower than the external field source.  
It is observed that the Laplace’s solution and FIT solu-
tion with quasi-static have close similarity or identical.  
However, the largest discrepancy of electric field be-
tween them is no more than 2%, which is acceptable in the 
estimation of the field distribution in cell modeling. 
III.   CONCLUSIONS  
The electric field distributions in spherical cells were in-
vestigated using analytical method based on Laplace’s eq-
uation and numerical FIT analysis for plane wave propaga-
tion. The membrane cells showed higher intensities of 
electric field compared to the cytoplasm and external me-
dium of cell. The field analysis results can be used for eval-
uation of the electric field distribution effectiveness on the 
realistic shaped cells.  
The electrical characteristics of the membrane and the 
cytoplasm, such as the conductivity and permittivity of the 
membrane and the cytoplasm as well as membrane thick-
ness also govern the response due to the intensity and distri-
bution of the electric field applied.  
A comparison between the analytical solution and nu-
merical modeling shows close correlation indicating the 
viability of the modeling, the model parameters and the 
geometry chosen. This indicates that electric field analyses 
could be used for selecting suitable parameters for effective 
electroporation process. In the future, this fast numerical 
microdosimetry technique (FIT for quasi-static condition) 
can be performed on other realistic cell models. Thus, the 
preliminary findings of this research cannot be understated. 
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